Summary &horbar; The objective of this study was to regulate the reproduction and levels of gonadal steroids in 3-year-old protandrous black porgy (Acanthopagrus schlegeli) by treatment with microencapsulated o-Trp s -luteinizing hormone-releasing hormone (LH-RH analog) during the prespawning season. Twenty-four previously male black porgy were equally divided into 2 groups and injected with vehicle (control group) or with microencapsulated LH-RH analog (LH-RH analog group), respectively. Spermiation and plasma levels of testosterone (T), estradiol-1 7p (E2) and 17a-hydroxyprogesterone (17a-OH P) were measured, after treatment, at intervals of 1-2 weeks for 4 months. Oocyte diameters were also measured after 4, 10, 12, 14 and 16 weeks of treatment. The microencapsulated LH-RH analog accelerated the onset of spermiation by at least 5 weeks. Oocyte diameters were also significantly increased in the LH-RH analog group. The microencapsulated LH-RH analog did not increase the number of sex-reversing females compared with the number in the control group. High levels of plasma E2 were found in the sex-reversing females in the LH-RH analog and control groups during the prespawning and spawning season. Low levels of plasma E2 were observed in the non-reversed males in both the LH-RH analog and the control groups. Similar profiles of plasma T levels were detected in male and in reversing female black porgy in the LH-RH analog and control groups. Plasma 17a-OH P levels were low and constant throughout the experimental period in fish in each group. These findings indicate that the microencapsulated LH-RH analog accelerated gonadal maturation in the black porgy during the prespawning season. Plasma levels of E2 seem to be closely related to the occurrence of natural sex reversal in the protandrous black porgy, A schlegeli. 
INTRODUCTION
Sex patterns in fishes include gonochorism and hermaphroditism. Protandrous and protoynous hermaphroditisms have been known in a number of teleosts (Chan and Yeung, 1983) . Genetic factors, sex inductors, histocompatibility-Y chromosome antigen, endocrine system and extrinsic factors have been suggested to involve the sex determination and sex patterns in fish (Chan and Yeung, 1983; Reinboth, 1988) .
In protandrous fish, each individual develops testes and spawns first as a male and later changes sex and functions as a female. The primacy of female development by the initial ovarian phase in the development of gonads is suggested not only in gonochoristic and protogynous fish but also in protandrous fish (Shapiro, 1992) . Shapiro (1992) further suggests that male development is inserted into a female development sequence as a temporary phase, initiated and terminated by a male inductor. The physiological role of hormones in the sex change from male to terminal female has not been observed in protandrous fish (Reinboth, 1988; Shapiro, 1992) . Black porgy, Acanthopagrus schlegeli, is a marine protandrous hermaphrodite and has been a commercially valuable species.
Fish are functional males for the first 2 spawning seasons but begin to change to terminal females during or after the third spawning season (Chang et al, 1994) . The effects of exogenous luteinizing hormonereleasing hormone (LH-RH) on the induction of sex reversal and the changes in concentrations of sex steroid during sex reversal in protandrous fish are poorly understood but of considerable interest.
The number of LH-RH cells was significantly increased in the forebrain preoptic area of terminal phase males in protogynous bluehead wrasse, Thalassoma bifasciatum The treatment of LH-RH analog further induced sex reversal in bluehead wrasse (Kramer et al, 1993 (Aida, 1983; Hirose etal, 1983) , black porgy, A schlegeli (Yueh et al, 1990; Chang and Yueh, 1990a; Chang et al, 1991 , Lee et al, 1993 , walleye, Stizostedion vitreum (Pankhurst et al, 1986) , catfish, Clarias macrocephalus (Ngamvongchon et al, 1986) , carp (Ngamvongchon et al, 1987) , Atlantic salmon, Salmo salar Crim and Glebe, 1984) , seabass, Lates calcarifer (Harvey et al, 1985) , rabbitfish, Siganus guttatus (Harvey et al, 1985) , and milkfish, Chanos chanos (Lee et al, 1986) . Weil and Crim, 1983; Crim and Glebe, 1984 (fig 2) .
High concentrations of plasma E2 were observed in the sex-reversing females of the LH-RH analog and control groups during the experimental period (fig 3) . By contrast, low levels of plasma E2 were observed in the non-reversed males in both the LH-RH analog and control groups (fig 3) . Levels (Yueh et al, 1990 Thomas and Boyd, 1989; Solar et al, 1990 ). LH-RH analogs disappeared from the circulation within 30-60 min of injection in goldfish (Sherwood and Harvey, 1986) and within 1 to 2 h in seabream (reviewed by Zohar, 1989) . The plasma concentration of LH-RH analog in sablefish (Anoplopoma fimbria) reached a peak 1 h after oral administration (Solar et al, 1990 ). However, 2 doses (10 and 50 pg/kg body weight) of D -Ala 6 , des-Gly 10 LH-RH ethylamide (without microencapsulation) failed to accelerate spermiation in 2-year-old black porgy during the prespawning period (Chang et al, 1991 , Atlantic salmon (Crim and Glebe, 1984) , seabass (Harvey etal, 1985) and milkfish (Lee etal, 1986) . LH-RH analog that was microencapsulated with biodegradable polymers was successfully used in the present experiment to enhance spermiation and oocyte growth of black porgy.
The levels of LH-RH analog released into plasma were not measured in this study due to the shortage of plasma samples. The application of microencapsulated LH-RH analog in rats has been described (Redding et al, 1984; Mason-Garcia et al, 1985) . The release of LH-RH analog from microcapsules can last for at least 1 month in rats (Mason-Garcia et al, 1985) . The released LH-RH analog should stimulate the production of steroid mediators that induce vitellogenesis and maturation (Chang et al, 1991) . In this study, oocyte growth (via vitellogenesis) was stimulated by microencapsulated LH-RH analog as shown in week 10. Moreover, oocytes did reach maturation on week 4 in an early sex-reversing fish. The milt volume remained high from weeks 4 to 10 in males injected with microencapsulated LH-RH analog. Perhaps reproductive seasonality or other factors, but not LH-RH analog, might play a more important role in the rising phase of milt production after week 10 because milt volume gradually increased after week 10 in both treated and control groups. Therefore, the data tended to suggest that LH-RH analog was released from microcapsules for no longer than 10 weeks after implantation.
Plasma levels of E2 were much higher (P < 0.05) in sex-reversing females than in non-reversed male black porgy during the experimental period which was consistent with the previous data (Chang etal, 1994 (Chang ef al, 1994 (Cardwell and Liley, 1991) and wrasse T dupperrey (Nakamura et al, 1989). The discrepancy of the LH-RH action in the sex reversal is possibly due to the different mechanism of sex reversal in protandrous and protogynous fish and also species differences.
Plasma levels of E2 were also significantly lower (P < 0.05) in the males of the LH-RH analog group (8 ± 5 pg/ml) than in the males of the control group (67 ± 8 pg/ml). However, there was no difference in plasma levels of E2 between sex-reversing females in the LH-RH analog and control groups. The microencapsulated LH-RH analog seems to suppress the levels of plasma E2 in the male phase of 3-year-old black porgy. In our previous study we found that exogenous LH-RH analog cause high levels of plasma E2 in females but not in fish at the intersexual stage or in the male phase (Chang et al, 1991 ) .
Administration of microencapsulated LH-RH analog did not stimulate the production of T, E2 and 17a-OH P in the black porgy. Elevated concentrations of plasma T were observed in black porgy by injection of DAla 6 , des-Gly 10 LH-RH ethylamide (without microencapsulation) during the prespawning season (Chang ef al, 1991 The effects of prolonged stimulation by the released LH-RH analog might affect the production of gonadal steroids in black porgy. T, 11-KT, 17a-OH P and 17a, 20p-dihydroxy-4-pregnen-3-one (17a, 20p-diOH P) are involved in spermatogenesis, spermiation and oocyte maturation in fish (Billard et al, 1982; Young et al, 1986) . Because of the unavailability of assays for 17a, 20p-diOH P, 11-KT and black porgy gonadotropin, only T, E2 and 17a-OH P were measured in the present study. Further research is necessary to investigate the profiles of 17a, 20p-diOH P, 11-KT and other androgens in black progy.
In summary, the microencapsulated LH-RH analog accelerated the onset of spermiation and stimulated the milt production in black porgy. Oocyte growth and maturation were also stimulated by the treatment of LH-RH analog. Different 
